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smoking, or by a combination of the 
three, and to pack them into barrels 
for transport. The cod and its 
relatives hake and haddock, were 
a different matter and more easily 
preserved than herring. The pursuit 
of cod took fishermen much further 
away. A huge industry developed, 
centred on Bergen, where ships 
exchanged dried fish for grain. 
Archaeological excavations in the 
Norwegian Lofoten Islands have 
pinpointed the moment around the 
eleventh century when cod became 
a lucrative trading commodity 
that supplanted herring in many 
European meals.
The greatest riches in this 
commerce came to those 
whose ships managed to reach 
Newfoundland, writes Fagan. This 
huge island was discovered and 
temporarily settled by the Norse in 
about AD 1000 and rediscovered by 
John Cabot in 1497. Fagan admits 
that there is some speculation 
about the extent of early European 
fishing expeditions to North 
America ahead of the arrival of 
Cabot but “why would hard-nosed 
merchants keep sending their ships 
west if there was no profit in it? 
Cabot shipped out with at least 
two merchants on board, who may 
have known sailing directions to the 
Newfoundland fishing grounds.”
It soon became clear that the 
world’s most productive fishery 
was the Grand Banks, teeming 
with cod. It was not long before 
other English, Basque and French 
fishermen were on site, and soon 
other similar banks were discovered 
further south off the coast of what 
became ‘New England’.  As Fagan 
writes: “over the next four and a 
half centuries, the brutally tough 
Newfoundland cod fisheries would 
generate more wealth in Europe 
than all the gold of the Indies.”
He concludes that the Mayflower 
pilgrims with few practical skills 
were for decades no more 
significant than the many English 
fishermen and fur traders.
“It was not the sudden inspiration 
of famous names that brought 
Europeans to North America — not 
Columbus or Cabot or the settlers at 
Plymouth Rock — but the thousand-
year journey in the pursuit of fish.”
Fish on Friday by Brian Fagan.  
Basic Books. ISBN: 0-465-02284-7Q & A
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How did you decide to become 
a quantitative geneticist? When 
I was at high school I discovered 
that I had a knack for mathematics 
and at the same time I developed 
a strong interest in understanding 
the basis of life and the evolution 
of biological form and function. 
Genetics appealed to me, because 
the mathematical and statistical 
analyses used to analyze complex 
traits were all logical and seemed 
to make things fall neatly in place. 
Genetics felt to me then, as it still 
does, to be the most exact and 
rigorous discipline in experimental 
biology. I was formally introduced 
to evolutionary and quantitative 
genetics in my undergraduate 
sophomore year by Roger Doyle 
at Dalhousie University, under 
whose mentorship I completed 
my Master’s dissertation on 
the quantitative genetics of the 
settling behavior of Spirorbis 
borealis, a marine polychaete. 
This work had several 
consequences. First, I learned the basics of quantitative genetic 
analysis by using Douglas 
Falconer’s 1960 version of 
Introduction to Quantitative 
Genetics and Robert Sokal and 
James Rohlf’s 1969 version of 
Biometry as ‘how to’ instruction 
manuals. Second, I developed 
a lasting fascination with animal 
behavior. And third, I realized 
that I needed to work with a 
better genetic model system and 
abandoned Spirorbis in favor of 
Drosophila. Thus, I was  
delighted to be able to continue 
my graduate studies at the 
University of Edinburgh, then  
and now a powerhouse for 
quantitative genetic studies. My 
mentor was Alan Robertson, one  
of the fathers of current day 
quantitative genetics, but I learned 
much from Douglas Falconer and 
William (Bill) Hill. 
What do you consider the single 
most important development 
in quantitative genetics since 
you were introduced into the 
field? In global terms, the most 
important transformation the field 
has undergone is the transition 
from ‘complex statistics’ to 
‘complex genetics’; in the words 
of Alan Robertson, we have 
begun to “lift the statistical fog” 
clouding our understanding of 
the genetic basis of quantitative 
variation. That is not to say that 
statistical analyses are no longer 
critical; of course, they are. But 
we have moved beyond simply 
understanding complex traits 
in terms of probabilities and 
numbers arising from complicated 
equations to being able to actually 
understand genetic mechanisms 
in the context of the biology of the 
organism. I refer, of course, to the 
ability to identify genes underlying 
complex traits by linkage to 
marker loci exhibiting Mendelian 
inheritance patterns (albeit it with 
some difficulty).
It may surprise people not 
familiar with the history of the 
field that quantitative trait locus 
(QTL) and linkage disequilibrium 
mapping did not spring into 
existence in the late 1980s/early 
1990s with no precedence. As 
early as 1923, Sax recognized 
that one could map genes 
associated with a quantitative 
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weight of the bean Phaseolus 
vulgaris — by linkage to a visible 
color polymorphism. In the 
1960s, John Thoday introduced 
interval mapping for complex 
traits, and Alan Robertson 
and colleagues explored the 
feasibility of mapping QTLs 
(for milk quality traits in cattle) 
by linkage disequilibrium with 
blood group markers in outbred 
populations — a forerunner to 
modern association mapping. 
What was frustratingly missing 
at that time were abundant, 
neutral polymorphic marker loci. 
Thus, the discovery of abundant 
molecular polymorphisms has 
greatly expedited our ability 
to understand the genetic 
architecture of complex  
traits, at least at a coarse  
level. 
If you had not become a 
scientist what other career 
would have appealed to you? 
I love reading and I love horses. 
So, I would have to say either 
a philosopher or veterinarian. 
Veterinary science would probably 
win out. 
Do you feel that the way we do 
science has changed in recent 
years? Definitely so, and in two 
ways — one good, and one not so 
good. When I began my studies, 
it was the norm for individuals 
to develop rather specialized 
expertise, and not to do work 
at the interface of, or spanning, 
Quantitative geneticist Trudy Mackay.different disciplines. Thus, most 
work on quantitative genetics was 
highly statistical, treating genetics 
as the proverbial black box, and 
most work on genetics was at 
the level of understanding effects 
of major mutations of single 
genes, ignoring natural allelic 
variants. To give an idea of how 
entrenched was this attitude, my 
early work using P transposable 
element mutagenesis to identify 
genes affecting Drosophila 
sensory bristle number was 
actually criticized by some 
senior quantitative geneticists 
(I won’t say who) as irrelevant. The 
rationale was that the statistical 
infinitesimal model describes the 
inheritance of quantitative traits 
well, to a first approximation. 
Under this model individual allelic 
variants have infinitesimally small 
effects; ergo, if one finds a variant 
associated with a complex trait, 
it is by definition not a QTL. Go 
figure. Happily, we are now in an 
era where the boundaries between 
disciplines are blurring, which also 
poses new challenges.
On the other hand, personal 
computers did not exist when 
I was a student. We had to go 
to the library to read papers. 
Over the last few decades, we 
have witnessed a deluge of 
new journals and a tremendous 
information overload, impossible 
to keep up with. Although 
information is more readily 
accessible than ever before, I 
feel often that scholarship has 
suffered, especially among 
younger scientists, many of 
whom are not aware of important 
scientific contributions that were 
published in the 1950s or 1960s. 
The way the 21st century scientist 
operates is quite different from 
half a century ago. Whereas I 
accept this as part of the natural 
order of life, I am somewhat 
concerned that the speed with 
which our scientific world moves 
threatens to impinge on the time it 
takes to reflect.
What do you consider the most 
important challenges for the 
study of complex traits in the 
future? Clearly, understanding 
human disease susceptibility in 
terms of identifying risk alleles is 
a big avenue for the immediate future. However, association 
studies in human populations 
have been challenging. Often 
small sample sizes have limited 
power so that only loci of large 
effects can be detected. Many 
studies suffer from lack of 
reproducibility, often because 
of genotype-by-environment 
interactions. In addition, we often 
sweep complicating factors, such 
as epistasis and pleiotropy, under 
the rug because they are hard to 
deal with and are problematic. 
Learning how to deal more 
effectively with environmental 
influences on allelic effects and 
to incorporate effects of epistasis 
and pleiotropy are important 
major hurdles we will have to 
overcome. This is one reason why 
I work on Drosophila, as we can 
rear virtually unlimited numbers 
of genetically identical individuals 
under controlled conditions. 
I believe that comparative 
approaches in which information 
from powerful model organisms 
can be extrapolated to human 
genetics will be extremely 
instructive.
In a sense, we are in the 
same position of waiting for a 
technological revolution as were 
those in the field before the 
advent of molecular markers. 
Except that now we need orders 
of magnitude more power, 
at orders of magnitude less 
cost. The barrier to mapping 
individual genetic loci affecting 
complex traits and unraveling 
their interactions is the ability 
to genotype all polymorphisms 
in each of tens of thousands of 
individuals, in multiple natural 
environments. 
Do you believe that young 
people receive enough 
exposure to quantitative 
biology as undergraduate 
students? Unfortunately, no. 
Although many biology majors 
learn some mathematics and 
some basic genetics, in most 
cases the connection between 
quantitative science and biology 
is lacking. As for quantitative 
genetics, most students are 
not introduced to the topic until 
graduate school, if at all. It is an 
important issue as the scientific 
questions that become important 
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Although seabirds have already 
faced a range of threats in their 
breeding territories, the greatest 
threat now comes from the global 
long-line fishing fleet hunting 
for tuna, swordfish, Patagonian 
toothfish and other commercially 
valuable species. A single baited 
line can be more than 100 
kilometres long. One hundred 
thousand albatrosses are killed 
annually on these hooks.
As a result of support for the 
campaign already, the charities 
have created a task force and 
have two people working with 
the fishing industry in South 
Africa and Brazil to advise on 
Travellers on London’s 
underground will from this 
month see an unprecedented 
poster campaign by a wildlife 
charity. The alarming decline 
in almost all albatross species 
as a result of them being 
killed by long-line fishing 
techniques in the Southern 
Ocean is highlighted in a series 
of posters funded by Europe’s 
largest wildlife charity, the Royal 
Society for the Protection of 
Birds (RSPB), and their partners 
Birdlife International. The aim is 
to generate public support and 
funding for efforts to save these 
birds.
Tunnel visions
Seen underground: A poster from the new campaign on London Transport to raise 
awareness and funds for the plight of albatrosses. (Picture: RSPB.)in biomedical research in the 
future will require quantitative 
integration across levels of 
biological organization: from 
genetic polymorphism through 
intermediate phenotypes 
such as gene expression and 
protein levels, to organismal 
phenotype and adaptive  
evolution. 
What advice would you give to 
someone who is considering 
a career in science? It is 
important not to shy away from 
addressing big questions. This 
will require actively seeking 
interdisciplinary knowledge, and 
developing collaborative skills. 
It is also important to integrate 
well in the scientific community, 
and participate in community 
efforts (such as reviewing 
manuscripts and grants). If you 
do good science, respect your 
colleagues and adhere to ethical 
principles of scientific  
conduct, you are likely to be 
successful.
What is next for you? My 
immediate concern is trying to 
stay funded so I can continue 
to do my research! But, beyond 
that, I hope to be able to deepen 
our understanding of the genetic 
blueprint that directs our life or 
at the very least provide a strong 
foundation for exploring the 
genetic architectures of complex 
traits, including human diseases. 
Perhaps not surprisingly, I am 
most excited currently about the 
experiments that are planned 
for the immediate future, for 
which ugly real data have not 
yet tarnished beautiful ideas! 
Specifically, it should be possible 
to deduce the transcriptional and 
genetic networks of pleiotropic, 
epistatic genes affecting variation 
for complex traits by integrating 
information on genome wide 
polymorphism, variation in 
transcript abundance, and 
variation in a wide variety of 
complex traits among  
wild-derived Drosophila  
stocks.
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